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ABSTRACT 
This is a further development of work related to the study 
of design knowledge and how this knowledge contributes to 
the development of design expertise. The intention of this 
work was to illustrate how designers – novices and experts – 
search for relevant knowledge within the design domain, and 
how this knowledge contributes to the design of innovative 
devices. Therefore, the main trust of this paper is to explore 
the above within the product design domain. The current 
research identified the differences and similarities between 
novice and expert designers’ searches. It also identified 
where and how that knowledge contributed to the emergence 
of an innovative design outcome. Novice and expert 
approaches to searching have been integrated into the 
relevant models. 
INTRODUCTION 
 This research is based on previous studies of how 
designers use visualisations in their work. It aims to identify 
how the designers search for different aspects of knowledge 
in order to respond to the design constraints. Oxman 
demonstrated “that high-level domain knowledge of visual 
form might be seen as cognitive content” (2002:135). In the 
design domain, words, images and shapes – in combination 
or independently – are used to communicate the concepts and 
represent the understanding of the physical world of artifacts. 
These are the most common media that designers use to 
interpret and reformulate their design concepts. Therefore, 
the proposition investigated in this research is that the 
“images and other visuals used by the designers might 
convey the strategies and knowledge representation within 
design domains” (Popovic 2002:867). However, this work 
focuses on novice and expert designers’ search for the 
relevant knowledge within the product design domain. It 
identifies the differences and similarities between novice and 
expert designers’ knowledge search, and how this contributes 
to the emergence of innovative design outcomes.  
 
 Human expertise is founded on the study of how experts 
process information, and how domain-specific knowledge is 
represented during that activity. There are studies that 
document the considerable evidence about differences 
between novices and experts in knowledge representation,  
 
 
 
 
processing and the way that knowledge is used. Expertise has 
been studied in many different domains and different 
scientific approaches have been used to investigate 
outstanding performances (Ericsson and Smith 1991, 
Ericsson and Lehmann 1996, Feltovich, Ford and Hoffman 
1997, Ericsson, Charness, Feltovich and Hoffman 2006). In 
general terms, expertise is associated with the a large body of 
knowledge and procedural skills possession (Chi, Glaser and 
Rees 1982:). There are diversities observed in experts' 
performances which are elaborated by Ericsson and Smith 
(1991), Holyoak (1991) and Ericsson et al. (2006). These 
authors reviewed the approaches in expertise research with 
an emphasis on different approaches undertaken. Two kinds 
of expertise are of relevance: (a) routine expertise and (b) 
adaptive expertise. Routine experts were able to solve 
familiar problems quickly and accurately, showing an 
outstanding performance. However, when confronted with 
novel problems they did not show the same capabilities; 
adaptive experts were able to adjust to situations and apply 
new procedures by utilising their knowledge. Nevertheless, 
there are domains where it is difficult to distinguish experts, 
as experts recognised within the profession do not always 
perform as experts (Ericsson at al. 2006). They demonstrate 
superior performance on domain-specific tasks but have 
difficulties transferring that knowledge across domains 
(Ericsson and Lehmann 1996). Cross (2006) studied expert 
designers and identified similarities in their strategic 
approach, and presented a general model of creative thinking 
of outstanding designers (2006:74). He pointed out that this 
“does not mean that expert can switch practice between 
domains” (2006:75). This supports the importance of 
domain-specific knowledge and that the design domains are 
essential for professional development. In this paper 
therefore, “expertise in design is understood as the 
possession of a body of domain knowledge, general design 
knowledge and the creative and analytical ability to extract, 
analyse and apply that knowledge” (Popovic 2004:528). In 
this work the design is categorised as an "adaptive expertise" 
(Popovic 2000, 2004) within the "non-routine” activity of 
designing (Love 2002:359) as designers adjust to the design 
task by utilising their knowledge, which they adapt to the 
current tasks (Suwa, Gero and Purcell 1999).  
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As this research is a continuation of the work done 
previously, the same references to knowledge are applied 
(Popovic 2004). Strategic knowledge refers to knowledge of 
processes and strategies that are used during acquisition or 
utilisation of knowledge (Alexander and Judy 1988). They 
can be associated within the domain and across the domains. 
Two categories have been identified: “goal-limited” and 
“general” strategies. This classification was developed by 
Pressley et al. and reported by Alexander and Judy (1988). 
Goal-limited strategies (GLS) include processes that are 
relevant to accomplish tasks while general strategies (GS) are 
applied on a broader level and might interact with goal-
limited strategies (Alexander and Judy 1998, Popovic 2002). 
The same terminology is used in these studies to ensure their 
compatibility, and to integrate research into their progressive 
development. 
 
I. NOVICE AND EXPERT DESIGNER SEARCH STRATEGIES 
 
 There are several studies on design activity (Cross, 
Christiaans and Dorst 1996; Cross 2006) and how experts 
utilise strategic knowledge (Cross 2001, 2006). However, 
there is very limited information on differences between 
novice and expert search strategies within design domains. 
 
This study examines the design visuals generated by 
novices and experts during the conceptual stage of the design 
process. Its objective is to illustrate the links between search 
(SCH) and goal-limited strategies (GLS) and how they 
interact with domain-specific knowledge (DSK). It aims to 
outline the differences between novices and experts search in 
the product design domain. 
 
These visual forms are used by designers to interpret and 
reformulate their design concepts. Visual language (Horn 
1998, Bucciarelli 2002, Goel 1995) is understood be the 
medium “to represent classes and structure of visual domain 
knowledge" (Oxman 2002:142) shown in them. The study 
presented here is based on the same approach. It aims to 
identify search (SCH) strategies for both novices and experts, 
and to integrate these with the previously developed models. 
 
The designers' work was selected from the educational 
and professional context. The designers whose work was 
selected for the purpose of this study are classified as 
follows: 
• novice designers – first year undergraduate students;  
• expert designers – postgraduate students with practical 
work experience in product design of three to ten years. 
 
Search (SCH) is understood to occur where designers 
look for new knowledge to bring into the design task and 
respond to the constraints. Designers’ search occurs during 
the design process. They search for relevant knowledge that 
will contribute to an improvement in an artifact’s design, or 
to an innovated (INN) outcome. 
 
The approach of this study is built on the previous work 
of Popovic. In the previous study “the visuals were divided 
into segments that were numbered and dated. The coding was 
done by one person and was repeated three times with an 
interval of one week between each coding. The coding 
scheme was based on the identification of design constraints 
and how designers grouped them in order to achieve 
satisfactory outcomes” (2004:530) Novices’ “small chunks” 
contain one or two design constraints. Expert designers 
grouped design constrains into large “chunks” (Table 1). 
There were three concept development books analysed for 
each expertise level.  
 
Table 1 – Coding scheme (after Popovic 2004) 
Expertise 
Level 
GLS (Goal Limited 
Strategies) 
SCH (Search 
Strategies) 
Novice 
Expert 
Processes relevant to 
accomplish tasks that 
relate to “chunks” of 
design constraints. 
Novice: small “chunks” 
Expert: large and 
complex “chunks” 
Designer’s queries 
and search for 
different aspects of 
knowledge in order to 
accomplish 
satisfactory design 
outcome.  
 
Assumption (ASS) 
Knowledge that did not 
contribute to accomplish a 
satisfactory outcome. 
Domain-specific Knowledge 
(DSK) 
Knowledge that contributed 
to accomplishing a 
satisfactory outcome. 
Innovation emergence (INN) 
Knowledge search that 
contributed to an innovation 
emergence. 
 
I.I. NOVICE DESIGNERS SEARCH STRATEGIES 
 
The work of novice designers (first year students) was 
based on the analysis of their concept development books at 
the idea generation stage (beginning of design project). All 
projects started with analysis and an understanding of the 
given project brief. The students were asked to design an 
active jewellery (wearables). At the conceptual stage, these 
projects incorporated 707 segments of goal-limited strategies 
(GLS), which were domain-independent representations of 
design criteria or constraints. The students used weak 
methods, and restructured the problem many times (Fig. 1). 
As novices, they did not know what to search (SCH) to bring 
them to the task’s completion. This was demonstrated with 
the number of assumptions made: 226, by novice designers. 
 
Fig. 1 illustrates segments from the active jewellery 
project, and demonstrates that search strategies (SCH) were 
independent and superficial. It demonstrates a search for 
domain-specific knowledge (DSK) — what to do. This is 
demonstrated with annotations of knowledge assumptions 
(ASS) that generated weak solution outcomes. For example: 
“can adjust to display horizontally or vertically” or “search 
for the features of earpiece design”. In this case, search 
strategies (SCH) are more associated with assumptions (ASS) 
than with goal-limited strategies (GLS) due to insufficient 
domain-specific knowledge (DSK). Novice designers were 
conducting search (SCH) during the whole activity (Fig. 1). 
  
 
Fig. 1. Novice concept development book – characteristic example 
 
 
 
Fig. 2. Expert concept development book – characteristic example (after Popovic 2002) 
 
SHC (Search) 
ASS (Assumption) 
SHC 
ASS 
SHC 
ASS 
SHC 
ASS 
GLS (Goal Limited Strategies) 
DSK (Domain-specific Knowledge) 
SCH (Search) 
INN (Innovation Emergence)
DSK 
SCH 
DSK 
SCH 
DSK 
SCH 
DSK 
SCH 
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Fig. 2 demonstrates that experts arrive at a solution 
without extensive searching. Staszewski (1988) suggested 
that the development of expert skills depends on the expert’s 
understanding of how to use domain-specific knowledge 
effectively and efficiently. This is supported by the 
interaction of goal-limited strategies (GLS), domain-specific 
knowledge (DSK) and search (SRH). For example, search 
(SRH) for the domain-specific knowledge (DSK) how to use 
a device – “cut and twist”, “left right handle” “good 
transition of forces” or how to tight the wires (“twist, tight”) 
illustrate innovation emergence (INN) at the very early stage 
of the design process. Therefore, experts utilised their 
domain-specific knowledge and experience to explore the 
design problem and they infer at the particular point (Fig.2). 
 
In summary, novices were involved in search (SCH) 
during the whole activity (Fig. 1) while experts undertook 
search (SCH) at a particular point (Fig. 2). The research 
demonstrates that experts used their domain-specific 
knowledge (DSK) to perform the task. It also suggests that 
the structure of initial search (SCH) may determine users’ 
searching strategies (Newell and Simon 1972). This is 
relevant in making a distinction between novice and expert 
users as they learn how to design through experience. It 
seems that experts, through experience, learnt how to identify 
limited domain-specific knowledge (DSK) and link it with a 
current problem domain in order to achieve successful 
performance (Fig.2). Novices’ search is characterised by 
weak strategies and lack of domain-specific knowledge 
(DSK). Therefore, they were not able to make connections 
between strategies and the problem domain, and applied a 
trial-and-error approach (Fig.1). 
 
II. SEARCH AND THE KNOWLEDGE CONNECTION MODELS 
 
The models of novice and expert designers developed 
earlier (Popovic 2004) have structural variations that depend 
on a designer's level of expertise. They were descriptive 
models representing the novice-to-expert developmental 
process for designers. Thus, the graphics signify the 
representation of goal-limited strategies (GLS), general 
strategies (GS) and domain-specific knowledge (DSK) 
connections. The subsequent set of modelling dimensions 
allows describing the apparent differences between the 
models, along with their significant structural variations. This 
study builds search (SCH) into these models as a significant 
variable. Fig. 3 and Fig. 4 show descriptive models of novice 
and expert designers with search (SCH) built into the models. 
The study further shows how search (SCH) contributed to the 
successful outcome. It demonstrates that experts and novices 
differ in how they search for knowledge, the amount of 
information they use, how they access the domain-specific 
knowledge (DSK) and how they connect these with goal-
limited strategies (GLS).  
 
The model presented here supports the findings that 
domain knowledge is necessary for successful design. 
Experts have experience and knowledge of their own domain 
that allows them to search for ideas in more-efficient ways 
than novices do; that is, experts explore a problem or task by 
utilising their domain-specific knowledge (Reimann and Chi 
1989). Novice designers' representations were fragmented 
into small “chunks” (Fig. 1). Expert designers demonstrated 
relative stability in their representations by larger “chunks” 
(Fig. 2). This supports the interaction among goal-limited 
strategies (GLS), domain-specific knowledge (DSK) and 
search (SCH). The results indicate that novices’ problem 
decomposition is segmented, and that their search is based on 
assumptions, due to their lack of domain-specific knowledge. 
The experts’ searches (SCH) were inferred at particular 
points, while novices’ searches were connected with 
assumptions, and they inferred during the whole process. 
 
Search (SCH)
DSK
DSK
Assumption (ASS)
Goal Limited Strategies (GLS) General Strategic Knowledge (GS)
General Strategic Knowledge (GS)Experiential Knowledge (EK)
Search (SCH)
Search (SCH)
Fig. 3. Novice designer search incorporated into the model 
(after Popovic 2004) 
 
Goal Limited Strategies (GLS) General Strategic Knowledge (GS)
DSK
Experiential Knowledge (EK)
Search (SCH)
Search (SCH)
Search (SCH)
Fig. 4. Expert designer search incorporated into the model 
(after: Popovic 2004) 
 
III. CONCLUSION 
 
This work demonstrated search at different levels of 
designers’ expertise during the conceptual stage of the design 
process. It is evident from this work that the visual language 
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that designers use can be seen as sources that contribute to, 
and distinguish, their levels of expertise. This is the language 
of design that represents thoughts and knowledge, or new 
thought generation, and stimulates new creative and 
analytical thinking. The knowledge connection models 
presented earlier supported the notion of design being an 
“adaptive expertise”. The structure of knowledge and search 
captured from this analysis of the designers’ visuals can be 
utilized to support the novice-to-expert transitional process 
better, by providing the direction for the integration and 
connections among the model variables. This might have 
implications for design education, by suggesting how and 
when related search (SCH) strategies should be introduced to 
design students. During the search (SCH) for information 
they will be able to learn to see how design constraints and 
appropriate search strategies contribute to an innovative 
design outcome. This work illustrated that the development 
of expertise in a particular design domain involves higher 
level strategies and goal structures. Consequently, these 
descriptive models have the potential to contribute toward 
better understanding of design expertise development within 
the education context. 
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